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(57) ABSTRACT 

There is disclosed a method of fabricating an SOI Wafer by 
a hydrogen ion delamination method Wherein a surface of an 
SOI layer is not polished but is subjected to heat treatment 
in a reducing atmosphere containing hydrogen after a bond 
ing heat treatment, a method of fabricating an SOI Wafer by 
a hydrogen ion delamination method Wherein a surface of an 
SOI layer is not polished but subjected to heat treatment in 
a reducing atmosphere containing hydrogen after delami 
nating heat treatment, and a SOI Wafer fabricated by the 
methods. There are provided a method of fabricating an SOI 
Wafer by a hydrogen ion delamination method Wherein a 
damage layer remaining on the surface of the SOI layer after 
delamination is removed and surface roughness is improved 
Without polishing, so that uniform thickness of the SOI layer 
can be achieved, and to simplify the process therefor. 

5 Claims, 4 Drawing Sheets 
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METHOD OF FABRICATING AN SOI WAFER 
BY HYDROGEN ION DELAMINATION 

WITHOUT INDEPENDENT BONDING HEAT 
TREATMENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method of removing a 

damage layer remaining on an 501 (silicon on insulator) 
layer after delamination, improving surface roughness, and 
simplifying the process in a so-called hydrogen ion delami 
nation method (also called a smart-cut method) Wherein an 
ion-implanted Wafer is bonded to another Wafer and a 
portion of the ion-implanted Wafer is delaminated to provide 
an $01 Wafer. 

2. Description of the Related Art 
Conventionally, tWo methods have gained Wide notice as 

methods of fabricating Wafers having an $01 structure. One 
method is a SIMOX (separation by implanted oxygen) 
method in Which oxygen ions are implanted into a silicon 
monocrystal at a high concentration, and heat treatment is 
then performed at a high temperature in order to form an 
oxide layer. The other method is a bonding method in Which 
tWo mirror-polished silicon Wafers are bonded together 
Without use of adhesive, and one of the Wafers is subse 
quently made very thin. 

In the SIMOX method, the thickness of an $01 layer that 
becomes a device active region can be determined and 
controlled through adjustment of an acceleration voltage at 
the time of oxygen ion implantation. Therefore, the SIMOX 
method has an advantage of enabling easy formation of a 
thin SOI layer having a high uniformity of thickness 
(hereinafter referred to as “thickness uniformity”). HoWever, 
the SIMOX method has many problems in relation to the 
reliability of a buried oxide layer, the crystallinity of the SOI 
layer, and necessity of heat treatment at a temperature of 
1300° C. or higher. 

MeanWhile, in the Wafer bonding method, an oxide ?lm is 
formed on at least one of tWo mirror-polished silicon single 
crystal Wafers, Which are bonded together Without use of 
adhesive and then subjected to heat treatment (typically, at 
1100—1200° C.) in order to strengthen the bonding; 
subsequently, one of the Wafers is subjected to grinding or 
Wet etching such that the Wafer becomes a thin ?lm, the 
surface of Which is then mirror-polished to form an $01 
layer. Therefore, the reliability of the buried oxide layer is 
high, and the crystallinity of the SOI layer is good. 

HoWever, since the thin ?lm is formed by means of 
mechanical machining, it takes long time to form the thin 
?lm. Furthermore, there are limits to the thickness and 
thickness uniformity of the resultant SOI layer in formation 
of the thin ?lm by grinding and polishing by means of 
mechanical machining. 

Furthermore, a CZ Wafer produced by CZochralski 
method (CZ method) is mostly used in the Wafer bonding 
method. HoWever, it has been found in recent years that 
there exist in the CZ Wafer crystal defects called COP 
(Crystal Originated Particles) Which are incorporated While 
the crystal is groWing. Accordingly, When the CZ Wafer is 
used as a bond Wafer Which is to be a device active layer, 
COP exists also in the SOI layer, and pierces through the 
SOI layer Which is very thin as required recently to form a 
pin hole Which extremely degrades electric characteristics of 
the Wafer. 

To solve the problem, there is proposed, for example, a 
method Wherein a CZ Wafer on Which an epitaxial layer is 
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2 
groWn is bonded to the other Wafer on the side of the 
epitaxial layer, and the silicon Wafer Which constitutes a base 
is ground and polished to form a $01 layer (Japanese Patent 
Application Laid-open (Kokai) No.7-254689). According to 
the method, the above mentioned crystal defects such as 
COP can be surely eliminated. HoWever, since it is necessary 
to perform grinding and polishing by means of mechanical 
machining in order to form the SOI layer, there still exists 
the problem in relation to limit to the thickness and thickness 
uniformity. 
When an FZ Wafer is used, there is no problem in relation 

to defects due to oxygen or the above mentioned COP, since 
almost no oxygen is contained in the FZ Wafer. HoWever, 
since it is necessary to perform grinding and polishing by 
means of mechanical machining in order to form the SOI 
layer, there still exists the problem in relation to limiting the 
thickness and thickness Uniformity such as described above. 

In the Wafer bonding method, not only silicon Wafers are 
bonded together, but also a silicon Wafer may be bonded 
directly to an insulator Wafer of SiO2, SiC, A1203 or the like, 
in order to form an $01 layer. 

Recently, public attention has been draWn to a neW 
method of fabricating an $01 Wafer in Which an ion 
implanted Wafer is bonded to another Wafer and a portion of 
the ion-implanted Wafer is delaminated (split) to thereby 
obtain an $01 Wafer (hydrogen ion delamination method: 
so-called smart-cut method). In this method, an oxide ?lm is 
formed on the surface of at least one of tWo silicon Wafers; 
at least one of hydrogen ions and rare gas ions are implanted 
into the surface of one of the tWo silicon Wafers in order to 
form a ?ne bubble layer (enclosed layer) Within the Wafer; 
the ion-implanted silicon Wafer is superposed on the other 
silicon Wafer such that the ion-implanted surface comes into 
close contact With the surface of the other silicon Wafer via 
the oxide ?lm; heat treatment (delamination heat treatment) 
is performed to delaminate a portion of the ion-implanted 
Wafer While the ?ne bubble layer is used as a delaminating 
plane, in order to form a thin ?lm; and heat treatment 
(bonding heat treatment) is further performed to ?rmly bond 
the thin ?lm and the other Wafer, to thereby obtain an $01 
Wafer (see Japanese Patent Application Laid-Open (kokai) 
No. 5-211128 or US. Pat. No. 5,374,564). Also, in this 
method, since the surface formed as a result of delamination 
(hereinafter referred to as a “delaminated surface”) has a 
mirror-like surface, an $01 Wafer Whose SOI layer has a 
high thickness uniformity is obtained With relative ease. 

Also in the hydrogen ion delamination method described 
above, not only silicon Wafers are bonded together, but also 
a silicon Wafer may be bonded directly to an insulator Wafer 
of SiO2, SiC, A1203, etc., in order to form an $01 layer. 
When the SOI layer is formed according to the hydrogen 

ion delamination method described above, there exists a 
damage layer due to ion implantation on the surface of the 
SOI Wafer after delamination, and surface roughness of the 
resultant SOI Wafer is large. Accordingly, it is necessary to 
perform a mirror polishing process called touch polishing 
Wherein a stock removal is very small in the ?nal step after 
the bonding heat treatment in order to remove a damage 
layer and to improve surface roughness in the hydrogen ion 
delamination method. 
When the SOI layer is polished by means of mechanical 

machining in the ?nal step as described, thickness unifor 
mity of the SOI layer achieved by delamination is 
deteriorated, since the stock removal is not uniform. 

Moreover, necessity of mirror polishing after bonding 
heat treatment means too many and complicated processes 
disadvantageous in vieW of cost. 
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SUMMARY OF THE INVENTION 

The present invention has been accomplished to solve the 
above-mentioned problems, and an object of the present 
invention is to provide a method of fabricating an SOI Wafer 
by hydrogen ion delamination Wherein a damage layer 
remaining on the surface of the SOI layer after delamination 
is removed and surface roughness is improved Without 
polishing, so that uniform thickness of the SOI layer can be 
achieved, and to simplify the processes. 

To achieve the above mentioned object, the present inven 
tion provides a method of fabricating an SOI Wafer by 
hydrogen ion delamination Wherein a surface of an SOI 
layer is not polished but subjected to heat treatment in a 
reducing atmosphere containing hydrogen after bonding 
heat treatment. 
When the SOI layer is subjected to heat treatment in a 

reducing atmosphere containing hydrogen after bonding 
heat treatment as described above, a damage layer remaining 
on the surface of the SOI layer is removed, and surface 
roughness can be improved. Accordingly, mechanical pol 
ishing is not necessary, and thus thickness uniformity is not 
deteriorated. As a result, good thickness uniformity achieved 
by the hydrogen ion delamination method is maintained, and 
an SOI Wafer having extremely excellent quality can be 
provided. 

The present invention also provide a method of fabricat 
ing an SOI Wafer by hydrogen ion delamination Wherein a 
surface of an SOI layer is not polished but subjected to heat 
treatment in a reducing atmosphere containing hydrogen 
after a delaminating heat treatment. 
When the SOI layer is subjected to heat treatment in a 

reducing atmosphere containing hydrogen after a delami 
nating heat treatment as described above, a damage layer 
remaining on the surface of the SOI layer is removed, and 
surface roughness can be improved. Moreover, the heat 
treatment in a reducing atmosphere containing hydrogen can 
also function as bonding heat treatment. Accordingly, 
mechanical polishing is not necessary, and thus thickness 
uniformity is not deteriorated. Furthermore, it is not neces 
sary to perform bonding heat treatment independently, so 
that the SOI Wafer having extremely high quality can be 
fabricated in more simple processes by the hydrogen ion 
delamination method. 

In an embodiment of the present invention, the heat 
treatment in a reducing atmosphere containing hydrogen is 
performed at a temperature in the range from 1000° C. to a 
melting point of silicon for 6 hours or less. 
When the heat treatment is performed under the condition 

mentioned above, a damage layer on the surface of the SOI 
layer after delamination can be surely removed, and the 
surface roughness can be improved. The heat treatment in a 
reducing atmosphere containing hydrogen can be performed 
through use of a conventional heat treatment furnace. 

In another embodiment of the present invention, heat 
treatment in a reducing atmosphere containing hydrogen is 
performed at a temperature in the range from 1000° C. to a 
melting point of silicon for 1 to 300 seconds through use of 
a rapid heating/rapid cooling apparatus. 
When the SOI Wafer after delamination is subjected to the 

heat treatment in a reducing atmosphere containing hydro 
gen through use of the rapid heating/rapid cooling apparatus 
as mentioned above, removal of a damage layer on the 
surface of the SOI layer and improvement of surface rough 
ness can be achieved ef?ciently in a very short time. 

It is preferable that a CZ Wafer is used as a bond Wafer in 
the above-mentioned method, since COPs in the above 
mentioned SOI layer can also be improved thereby. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
In another embodiment of the present invention, heat 

treatment in a reducing atmosphere containing hydrogen is 
performed in 100% hydrogen atmosphere or a mixed atmo 
sphere of hydrogen and argon. 

In such an atmosphere for heat treatment, a damage layer 
on the surface of the SOI layer can be surely removed, and 
the surface roughness can be improved. 

According to the method of the present invention, SOI 
Wafer having good thickness uniformity and excellent qual 
ity can be provided. 

Especially, there can be provided a high quality SOI Wafer 
having a thickness uniformity of :3 nm or less, a surface 
roughness of 0.3 nm or less as RMS value, and a surface 
defect density of the SOI layer of 103 number/cm2 or less. 
As described above, according to the present invention, a 

damage layer remaining on the surface of the SOI layer after 
delamination is removed and surface roughness is improved 
Without polishing but With a heat treatment in a reducing 
atmosphere containing hydrogen. Accordingly, SOI Wafer 
having a good thickness uniformity can be fabricated, and 
processes can be simpli?ed. As a result, an SOI Wafer of 
extremely high quality can be produced at loW cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 steps (a) to (e) and (g) to (h) is a ?oWchart shoWing 
an example of an SOI-Wafer fabricating process according to 
the hydrogen ion delamination method of the present inven 
tion. 

FIG. 2 is a graph shoWing a result of measurement of a 
damage layer of SOI Wafer after delamination. 

FIG. 3 is a graph shoWing a relation betWeen stock 
removal and sigma of thickness of SOI layer. 

FIG. 4 is a schematic vieW of an example of a rapid 
heating/rapid cooling apparatus. 

DESCRIPTION OF THE INVENTION AND A 
PREFERRED EMBODIMENT 

The present invention Will be further described beloW in 
detail, referring ?gures, but is not limited thereto. 

FIG. 1 is a ?oWchart shoWing an example of an SOI-Wafer 
fabricating process according to the hydrogen ion delami 
nation method of the present invention. 
The present invention Will be hereunder explained mainly 

as a method of producing an SOI Wafer by bonding tWo 
silicon Wafers. In step (a) of the hydrogen ion delamination 
method shoWn in FIG. 1, tWo silicon mirror polished Wafers, 
namely a base Wafer 1 to be a base and a bond Wafer 2 to be 
SOI layer Which are suitable for device speci?cations are 
prepared. 

In step (b), at least one of the Wafers (the bond Wafer 2 in 
this case) is subjected to thermal oxidation so as to form on 
the surface thereof an oxide ?lm 3 having a thickness of 
about 0.1 pm to 2.0 pm. 

In step (c), at least one of hydrogen ions and rare gas ions 
(hydrogen ions in this case) are implanted into one surface 
of the bond Wafer 2 on Which oxide ?lm is formed, in order 
to form a ?ne bubble layer (enclosed layer) 4 Which extends 
in parallel to the surface at a position corresponding to the 
mean depth of ion implantation. The implantation tempera 
ture is preferably 25—450° C. 

In step (d), the base Wafer 1 is superposed on the hydrogen 
ion-implanted surface of the hydrogen ion-implanted bond 
Wafer 2 via the oxide ?lm, and they are brought in close 
contact With each other. When the surfaces of the tWo Wafers 
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are brought into contact With each other at ambient tem 
perature in a clean atmosphere, the Wafers adhere to each 
other Without use of adhesive or the like. 

In step (e), there is performed a heat treatment for 
delamination (splitting) in Which a delamination Wafer 5 is 
delaminated from an SOI Wafer 6 (composed of the SOI 
layer 7, a buried oxide layer 3, and a base Wafer 1) While the 
enclosed layer 4 is used as a delaminating plane. The heat 
treatment is performed, for example, at a temperature of 
about 500° C. or higher in an inert gas atmosphere so as to 
cause crystal rearrangement and bubble cohesion, and 
thereby the delaminated Wafer 5 is delaminated from the 
SOI Wafer 6. 

The above mentioned steps are the same as the steps of 
conventional hydrogen ion delamination method. The steps 
folloWing thereto are performed in tWo Ways according to 
the present invention as described beloW. 

In one embodiment, a bonding heat treatment is per 
formed in the step after the delaminating step as per 
formed in the conventional method. In this step, the SOI 
Wafer 6 is subjected to heat treatment at high temperature as 
a bonding heat treatment to achieve sufficient bonding 
strength, since the bonding strength imparted in the closely 
contacting step (d) and the delaminating heat treatment step 
(e) described above is not sufficient to be used Without 
further treatment in a device process. Preferably, this heat 
treatment is performed in an inert gas atmosphere at 
1050—1200° C. for 30 minutes to 2 hours. 

According to the conventional method, touch polishing is 
then performed to remove a damage layer on a delaminating 
surface Which is a surface of the SOI layer 7 and improve the 
surface roughness. HoWever, according to the present 
invention, heat treatment in a reducing atmosphere contain 
ing hydrogen is performed in step (g) instead, in order to 
remove the damage layer on the surface of the SOI layer and 
improve the surface roughness. 
As described above, it is possible to remove the damage 

layer on the surface of the SOI layer and improve the surface 
roughness Without deteriorating thickness uniformity by 
subjecting the SOI Wafer to the heat treatment in a reducing 
atmosphere containing hydrogen Without polishing the sur 
face of the SOI layer after the bonding heat treatment. 

In a second embodiment, after delamination process, heat 
treatment in a reducing atmosphere containing hydrogen in 
step (g) is performed Without conducting an independent 
bonding heat treatment process (f), and Without polishing 
the surface of the SOI layer. 

Namely, the heat treatment in a reducing atmosphere 
containing hydrogen right after delamination heat treatment 
not only contributes to removal of the damage layer remain 
ing on the surface of the SOI layer and improvement of the 
surface roughness, but also functions as a bonding heat 
treatment. Accordingly, it is not necessary to polish the 
surface mechanically, so that thickness uniformity is not 
deteriorated. Furthermore, it is not necessary to perform a 
bonding heat treatment independently, and therefore a 
simple process can be achieved. As a result, productivity of 
the SOI Wafer having high quality can also be improved. 

The SOI Wafer 6 of high quality having the SOI layer 7 
of high crystal quality and high thickness uniformity can be 
produced by the steps described above (step 

The above mentioned heat treatment in a reducing atmo 
sphere containing hydrogen in the step (g) can be conducted, 
for example, at 1000° C. to a melting point of silicon, 
preferably at 1200 to 1350° C. for 6 hours or less. 
When the high temperature heat treatment is conducted 

for a long time under the above-mentioned condition, it is 
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6 
possible to surely remove the damage layer on the surface of 
the SOI Wafer after delamination and to improve the surface 
roughness through use of any type of furnace. Although heat 
treatment at 1200° C. or more enables ef?cient removal of 
the damage layer and improvement of the surface roughness, 
heat treatment at a temperature higher than 1350° C. may 
cause problems in relation to durability of a furnace and 
Wafer contamination. Accordingly, heat treatment at a tem 
perature of 1200° C. to 1350° C. is preferable. 

HoWever, heat treatment using a general furnace such as 
described above takes long time. Accordingly, the heat 
treatment of the present invention can be conducted through 
use of a rapid heating/rapid cooling apparatus at a tempera 
ture in the range from 1000° C. to the melting point of 
silicon for 1 to 300 seconds. 
When the delaminated SOI Wafer is subjected to the heat 

treatment in a reducing atmosphere containing hydrogen 
through use of the rapid heating/rapid cooling apparatus as 
described above, the damage layer on the surface of SOI 
Wafer can be removed and the surface roughness can be 
improved efficiently in a short time. Temperature in the 
range from 1200° C. to 1350° C. is more effective also in this 
case. 

It is necessary to use the rapid heating/rapid cooling 
apparatus in the heat treatment in a reducing atmosphere 
containing hydrogen especially When a bond Wafer is a CZ 
Wafer by the folloWing reason. 
COPs incorporated during groWth of crystal are present in 

the CZ Wafer as described above, and the COP may pierce 
through the SOI layer Which is very thin as required recently 
to form a pin hole. When the heat treatment in a reducing 
atmosphere containing hydrogen is conducted in such a 
circumstance for a long time, reducing gas passes through 
the pin hole to reduce buried oxide layer 3. 
When the rapid heating/rapid cooling apparatus is used, 

the heat treatment time is very short. Accordingly, the above 
mentioned buried oxide layer is not reduced, and COPs in 
the SOI layer can also be removed together. 
When the bond Wafer is an epitaxial Wafer or a FZ Wafer, 

the buried oxide layer is not reduced. Accordingly, a general 
furnace can be used in the heat treatment in a reducing 
atmosphere containing hydrogen. HoWever, the heat treat 
ment using the rapid heating/rapid cooling apparatus is more 
efficient even in that case, since the heat treatment using a 
general furnace takes long time. 

Examples of an apparatus Which can heat and cool a SOI 
Wafer rapidly in a reducing atmosphere containing hydrogen 
used in the present invention include: a heater such as a lamp 
heater With heat radiating. An example of commercially 
available apparatuses is SHS-2800 (product of AST corp.). 
These apparatuses are neither extremely complicated nor 
expensive. 
One example of the apparatus Which can heat and cool a 

SOI Wafer rapidly in a reducing atmosphere containing 
hydrogen used in the present invention Will be given beloW. 
FIG. 4 is a schematic vieW of the rapid heating/rapid cooling 
apparatus. 
A heat-treatment furnace 20 shoWn in FIG. 4 includes a 

bell jar 21 Which is formed from, for example, silicon 
carbide or quartZ and in Which a Wafer is heat-treated. 
Heating is performed With heaters 22 and 22‘ surrounding 
the bell jar 21. The heaters are separated into the upper one 
and the loWer one, so that poWer supplied to each of the 
heaters can be controlled independently. The heating method 
is not limited thereto, but so-called radiation heating and 
induction heating may also be applicable. A housing 23 for 
heat shield is disposed around the heaters 22 and 22‘. 
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A Water-cooled chamber 24 and a base plate 25 are 
arranged at the loWer portion of a furnace so as to isolate the 
interior of the bell jar 21 from the atmosphere. A SOI Wafer 
28 is held on a stage 27, Which is attached to the top end of 
a support shaft 26, Which, in turn, is moved vertically by 
means of a motor 29. In order to load a Wafer into or unload 
from the furnace along a horiZontal direction, the Water 
cooled chamber 24 has an unillustrated Wafer port Which is 
opened and closed by means of a gate valve. A gas inlet and 
a gas outlet are provided in the base plate 25 so that the gas 
atmosphere Within the furnace can be adjusted. 

In the heat treatment furnace 20 having the above 
described structure, heat treatment in a reducing atmosphere 
containing hydrogen for rapid heating/rapid cooling of a SOI 
Wafer is carried out in the procedure described beloW. 

First, the interior of the bell jar 21 is heated to a desired 
temperature of 1000° C. to the melting point of silicon by the 
heaters 22 and 22‘ and is then held at the desired tempera 
ture. Through mutually independent control on poWer sup 
plied to the heaters 22 and 22‘, a temperature distribution can 
be established Within the bell jar 21 along a vertical direc 
tion. Accordingly, the heat-treatment temperature of a Wafer 
is determined by the position of the stage 27, ie the amount 
of insertion of the support shaft 26 into the furnace. Heat 
treatment atmosphere is contolled by introducing a reducing 
gas containing hydrogen from the gas inlet provided in the 
base plate. 

In a state in Which the interior of the bell jar 21 is 
maintained at a desired temperature, a SOI Wafer is inserted 
into the Water-cooled chamber 24 through the Wafer port by 
an unillustrated Wafer handling apparatus arranged next to 
the heat treatment furnace 20. The inserted Wafer is placed 
in, for example, a SiC boat provided on the stage 27 Which 
is situated at the bottom standby position. Since the Water 
cooled chamber 24 and the base plate 25 are Water-cooled, 
the Wafer located at this standby position is not heated to a 
high temperature. 
Upon completion of placing the SOI Wafer on the stage 

27, the motor 29 is immediately driven to insert the support 
shaft 26 into the furnace so that the stage 27 is raised to a 
heat treatment position Where a desired temperature in the 
range of 1000° C. to a melting point of silicon is established, 
thereby heat-treating the SOI Wafer at the high temperature. 
In this case, since only approximately 20 seconds, for 
example, is required for moving the stage 27 from the 
bottom standby position in the Wafer-cooled chamber 24 to 
the heat treatment position, the SOI Wafer is heated quickly. 

The stage 27 is halted at the desired temperature position 
for a predetermined time (1 to 300 seconds), thereby sub 
jecting the SOI Wafer to high-temperature heat treatment 
over the halting time. Upon elapse of the predetermined time 
to complete high-temperature heat treatment, the motor 29 is 
immediately driven to WithdraW the support shaft 26 from 
the interior of the furnace to thereby loWer the stage 27 to the 
bottom standby position in the Water-cooled chamber 24. 
This loWering motion can be completed in approximately 20 
seconds, for example. The SOI Wafer on the stage 27 is 
quickly cooled, since the Water-cooled chamber 24 and the 
base plate 25 are Water-cooled. Finally, the SOI Wafer is 
unloaded from inside the Water-cooled chamber 24 by the 
Wafer handling apparatus, thus completing the heat treat 
ment. 

When there are more SOI Wafers to be heat-treated, these 
Wafers can be sequentially loaded into and heat-treated in 
the heat treatment furnace 20 maintained at a predetermined 
high temperature. 
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8 
In this case, atmosphere of the heat treatment in reducing 

atmosphere containing hydrogen can be a 100% hydrogen 
atmosphere or a mixed atmosphere of hydrogen and argon. 

In the above-mentioned atmosphere for the heat 
treatment, a ?lm Which is harmful for the surface of the SOI 
Wafer is not formed, a damage layer on the surface of the 
SOI Wafer can be surely removed, and the surface roughness 
can be improved. 

As descried above, according to the present invention, 
SOI Wafer having good thickness uniformity and very high 
quality can be obtained. 

Particularly, the present invention can provide a SOI 
Wafer Which is excellent in any property, namely has thick 
ness uniformity of SOI layer is :3 nm or less, surface 
roughness of 0.3 nm or less (RMS value), and surface defect 
density of the SOI layer is 103 number/cm2 or less. 

EXAMPLES 

The folloWing examples are being submitted to further 
explain the present invention. These examples are not 
intended to limit the scope of the present invention. 

Example 1 

TWo mirror-polished silicon Wafers having resistivity of 
20 Q-cm and a diameter of 150 mm Wherein a conductive 
type is p type Were prepared. These Wafers Were processed, 
While one of them Was used as a bond Wafer, through steps 
(a) to (h) shoWn in FIG. 1 according to the hydrogen ion 
delamination method of the present invention to fabricate 
SOI Wafers. 

First, the bond Wafer Was delaminated according to the 
steps (a) to (e) to provide an SOI Wafer 6. Thickness of SOI 
layer Was 0.4 pm. The major process conditions used in the 
method Were as folloWs. 

1) Thickness of a buried oxide layer: 400 nm (0.4 pm); 
2) Conditions of hydrogen implantation: H+ ions, implan 

tation energy of 100 keV, implantation dose of 8x1016/ 
cm2; 

3) Conditions of heat treatment for delamination: in a N2 
gas atmosphere, at 500° C. for 30 minutes. 

The SOI Wafer having the SOI layer With thickness of 0.4 
pm can be thus obtained. The surface roughness of the 
surface (delaminated surface) of the SOI Wafer just delami 
nated as measured by atomic force microscope method at 1 
pm square Was 7.4 nm on the average (RMS value: root 
mean square roughness). 
The value is 10 times or more that of the general mirror 

polished silicon Wafer, and shoWs that local surface rough 
ness on the surface of the SOI layer Which is just delami 
nated is large. 

Depth of a damage layer on the delaminated surface of the 
SOI Wafer just delaminated in FIG. 1(e) Was determined as 
folloWs. The SOI Wafers Were subjected to etching With 
KOH aqueous solution at a different etching removal. The 
SOI Wafers Were then subjected to a four step Secco etching 
method disclosed in H. Gassel et al. (J. Electrochem. Soc., 
140, pp 1713, 1993), and observed With a microscope to 
count a density of pits existing on the surface. The etching 
removal Was 0, 50, 100, 150, 200, 250, 300 nm. The results 
of measurement Was shoWn as a curved line a in FIG. 2. 
As shoWn in FIG. 2, it is apparent that a damage layer 

having a depth of about 150 nm exists on the surface of the 
SOI Wafer Which is just delaminated. Pits observed in a 
position deeper than 150 nm are likely crystal defects Which 
have been originally present in the bond Wafer. 
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Thickness of the SOI layer of the SOI Wafer just delami 
nated in the step (e) Was measured to determine the thickness 
uniformity. Thickness Was measured by re?ective spectros 
copy at several thousands points in one mm pitch on the 
surface area other than area Within 10 mm from periphery of 
the SOI Wafer. A standard deviation (sigma) of the data Was 
0.9 nm, thickness uniformity (3 sigma) Was 12.7 nm or less, 
and :3 nm or less at the largest. Accordingly, thickness 
uniformity of the SOI layer after delamination Was quite 
excellent. 

Next, as shoWn in step of FIG. 1, the SOI Wafer Was 
subjected to bonding heat treatment under the folloWing 
condition: in N2 atmosphere, at 1100° C., for 2 hours to bond 
the SOI layer and the base Wafer ?rmly. 

Then, as shoWn in step (g), SOI Wafer after bonding heat 
treatment Was subjected to the heat treatment in a reducing 
atmosphere containing hydrogen through use of a rapid 
heating/rapid cooling apparatus shoWn in FIG. 4 Without 
being polished under the folloWing condition: in hydrogen 
100% atmosphere, at 1200° C., for 30 seconds. 

Before the heat treatment, the SOI Wafer Was subjected to 
cleaning to prevent contamination thereof. The cleaning is 
Well knoWn as RCA cleaning, and comprises tWo steps: 
(ammonia/hydrogen peroxide) and (hydrochloric acid/ 
hydrogen peroxide). 

The surface roughness of the SOI layer after the heat 
treatment With a rapid heating/rapid cooling apparatus Was 
0.25 nm in average (RMS value: root mean square 
roughness) as measured by atomic force microscope method 
at 1 pm square. Accordingly, the surface roughness of 0.3 
nm or less can be surely achieved. 

The value is equivalent to the value of the general mirror 
polished silicon Wafer. Accordingly, it is apparent that the 
surface roughness Was signi?cantly improved by the heat 
treatment in a reducing atmosphere containing hydrogen. 

Depth of the damage layer of the SOI Wafer after heat 
treatment With a rapid heating/rapid cooling apparatus Was 
determined as folloWs. The SOI Wafers Were subjected to 
etching With KOH aqueous solution at a different etching 
removal. The SOI Wafers Were subjected to the four step 
Secco etching method disclosed in H. Gassel et al., as 
described above, and observed With a microscope to count 
a density of pits existing on the surface. The etching removal 
Was 0, 50, 100, 150, 200, 300 nm. The results of measure 
ment Was shoWn as a curved line b in FIG. 2. 
As shoWn in FIG. 2, It is apparent that the damage layer 

Was eliminated from the surface of the SOI Wafer after 
subjected to the heat treatment in a reducing atmosphere 
containing hydrogen, though it Was not polished. Namely, 
the surface defect density in the SOI layer Was about 250 
number/cm2, Which is constant in depth. Accordingly, the 
value of 103 number/cm2 or less can be surely achieved. 

Thickness of the SOI layer of the SOI Wafer after heat 
treatment in a reducing atmosphere containing hydrogen 
Was measured by re?ective spectroscopy as described above 
to determine the thickness uniformity. Sigma of the data Was 
0.9 nm, and therefore, thickness uniformity (3 sigma) Was 
12.7 nm, Which is the same value as that before the heat 
treatment in a reducing atmosphere containing hydrogen. 
Accordingly, it is apparent that the thickness uniformity of 
the SOI layer of the SOI Wafer fabricated by the present 
invention Was :3 nm or less, Which is quite an excellent 
value. 

Example 2 

The SOI Wafer 6 Was produced by delaminating the bond 
Wafer in accordance With the steps (a) to (e) of FIG. 1 in the 
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10 
similar Way to that of Example 1. Thickness of the SOI layer 
Was 0.4 pm. Main conditions such as ion implantation is also 
the same as Example 1. 

The SOI Wafer having the SOI layer With thickness of 0.4 
pm can be thus obtained. The surface roughness of the 
surface (delaminated surface) of the SOI Wafer just delami 
nated in FIG. 1(e) as measured by atomic force microscope 
method at 1 pm square Was 8.4 nm on the average (RMS 
value: root mean square roughness). 

Depth of a damage layer on the delaminated surface of the 
SOI Wafer just delaminated in step (e) of FIG. 1 Was 
determined as folloWs. The SOI Wafers Were subjected to 
etching With KOH aqueous solution at a different etching 
removal. The SOI Wafers Were then subjected to the four 
step Secco etching method disclosed in H. Gassel et al., as 
described above, and observed With a microscope to count 
a density of pits existing on the surface. Depth of a damage 
layer Was about 150 nm Which is the same as the value of 
Example 1. 

Thickness of the SOI layer of the SOI Wafer just delami 
nated in the step (e) Was measured to determine the thickness 
uniformity. Thickness Was measured by re?ective spectros 
copy at several thousands points in one mm pitch on the 
surface area other than area Within 10 mm from periphery of 
the SOI Wafer. Sigma of the data Was 0.9 nm Which is the 
same as the value of Example 1, thickness uniformity (3 
sigma) Was 12.7 nm or less, and :3 nm or less at the largest. 
Accordingly, thickness uniformity of the SOI layer after 
delamination Was quite excellent. 

Bonding heat treatment shoWn in step of FIG. 1 Was 
omitted. HoWever, the SOI Wafer just delaminated Was 
subjected to the heat treatment Which also functioned as 
bonding heat treatment in a reducing atmosphere containing 
hydrogen through use of a rapid heating/rapid cooling 
apparatus shoWn in FIG. 4 under the folloWing condition: in 
hydrogen 100% atmosphere, at 1200° C., for 30 seconds. 

Before the heat treatment, the SOI Wafer Was subjected to 
cleaning to prevent contamination thereof. The cleaning is 
Well knoWn as RCA cleaning, and comprises tWo steps: 
(ammonia/hydrogen peroxide) and (hydrochloric acid/ 
hydrogen peroxide). 
The surface roughness of the SOI layer after the heat 

treatment With a rapid heating/rapid cooling apparatus Was 
0.26 nm in average (RMS value: root mean square 
roughness) as measured by atomic force microscope method 
at 1 pm square. 
The value is equivalent to the value of the general mirror 

polished silicon Wafer. Accordingly, it is apparent that the 
surface roughness Was signi?cantly improved by the heat 
treatment in a reducing atmosphere containing hydrogen, 
Whether bonding heat treatment is performed or not. 

Depth of a damage layer of the SOI Wafer after the heat 
treatment With a rapid heating/rapid cooling apparatus Was 
determined as folloWs. The SOI Wafers Were subjected to 
etching With KOH aqueous solution at a different etching 
removal. The SOI Wafers Were subjected to the four step 
Secco etching method disclosed in H. Gassel et al., as 
described above, and observed With a microscope to count 
a density of pits existing on the surface. The etching removal 
Was 0, 50, 100, 150, 200, 300 nm. It Was shoWn that the 
damage layer Was eliminated from the surface of the SOI 
Wafer, though it Was not polished. 

Thickness of the SOI layer of the SOI Wafer after heat 
treatment in a reducing atmosphere containing hydrogen 
Was measured by re?ective spectroscopy as described above 
to determine the thickness uniformity. Sigma of the data Was 
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0.9 nm, and therefore, thickness uniformity (3 sigma) Was 
12.7 nm, Which is the same value as that before the heat 
treatment in a reducing atmosphere containing hydrogen. 
Accordingly, it is apparent that the thickness uniformity of 
the SOI layer of the SOI Wafer fabricated by the present 
invention Was :3 nm or less, Which is quite an excellent 
value. 

In the SOI Wafer of Example 2, since there Was not 
independently conducted the bonding heat treatment Which 
is generally performed in N2 atmosphere at 1100° C. for 2 
hours, it might be considered that bonding strength of the 
SOI layer Would not be sufficient. HoWever, SOI layer Was 
not delaminated but a jig Was ruptured in the tensile test 
Wherein each of tWo jigs Was adhered to the surface of the 
SOI layer and the surface of the base Wafer respectively With 
adhesive and the jigs Were pulled from the both side. 
Breaking strength of the jig Was at least 800 kg/cm2. 
Accordingly, the resultant bonding strength of the SOI layer 
is sufficient, When the SOI Wafer is subjected to the heat 
treatment in a reducing atmosphere containing hydrogen 
With a rapid heating/rapid cooling apparatus. 

Comparative Example 

In the similar manner to Example 1, there Was provided 
a SOI Wafer by performing the hydrogen ion delamination 
method Wherein bonding heat treatment Was performed after 
delamination according to steps (a) to in FIG. 1. Then, it 
Was subjected to touch polishing as a conventional method 
to remove a damage layer on the surface and to improve the 
surface roughness. 

Thickness of the SOI layer Was measured by re?ective 
spectroscopy. The result Was shoWn in FIG. 3 in connection 
With a stock removal in touch polishing and the data of 
thickness (sigma, standard deviation). 
As shoWn in FIG. 3, thickness uniformity Was extremely 

deteriorated by polishing. Particularly, When polishing Was 
conducted to the stock removal of 150 nm Which is neces 
sary in order to remove the damage layer on the surface, 
thickness uniformity Was severely deteriorated. 

The present invention is not limited to the above 
described embodiment. The above-described embodiment is 
a mere example, and those having the substantially same 
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structure as that described in the appended claims and 
providing the similar action and effects are included in the 
scope of the present invention. 

For example, the above description of the present inven 
tion has focused on the case Where tWo silicon Wafers are 
bonded to obtain an SOI Wafer. HoWever, the present 
invention is not limited to the embodiment. For example, the 
present invention is applicable to the case Where a silicon 
Wafer is bonded to an insulator Wafer after ion implantation; 
and a portion of the ion-implanted silicon Wafer is delami 
nated to thereby obtain an SOI Wafer. 

Furthermore, the process of fabricating the SOI Wafer 
according to the present invention is not limited to that 
shoWn in FIG. 1. Other processes such as cleaning, heat 
treatment or the like can be added thereto. Furthermore, the 
order of the processes can be partly changed or omitted 
depending on the purpose. 
What is claimed is: 
1. A method of fabricating an SOI Wafer by a hydrogen 

ion delamination method Wherein after a delaminating heat 
treatment, a heat treatment in a reducing atmosphere con 
taining hydrogen is performed Without conducting an inde 
pendent bonding heat treatment, and Without polishing a 
surface of an SOI layer. 

2. The method of fabricating an SOI Wafer according to 
claim 1 Wherein said heat treatment in a reducing atmo 
sphere containing hydrogen is performed at a temperature in 
the range from 1000° C. to a melting point of silicon for 6 
hours or less. 

3. The method of fabricating an SOI Wafer according to 
claim 1 Wherein said heat treatment in a reducing atmo 
sphere containing hydrogen is performed at a temperature in 
the range from 1000° C. to a melting point of silicon for 1 
to 300 seconds through use of a rapid heating/rapid cooling 
apparatus. 

4. The method of fabricating an SOI Wafer according to 
claim 3 Wherein a CZ Wafer is used as a bond Wafer. 

5. The method of fabricating an SOI Wafer according to 
claim 1 Wherein said heat treatment in a reducing atmo 
sphere containing hydrogen is performed in a 100% hydro 
gen atmosphere or a mixed atmosphere of hydrogen argon. 

* * * * * 


